Mechanism of Dynamic Consolidation and Its Environmental Effect by Wang, Zhong-Qi & Deng, Xiang-Iin
Missouri University of Science and Technology 
Scholars' Mine 
International Conference on Case Histories in 
Geotechnical Engineering 
(1984) - First International Conference on Case 
Histories in Geotechnical Engineering 
11 May 1984, 8:00 am - 10:30 am 
Mechanism of Dynamic Consolidation and Its Environmental 
Effect 
Zhong-Qi Wang 
Ministry of Urban and Rural Construction and Environmental Protection 
Xiang-Iin Deng 
Ministry of Urban and Rural Construction and Environmental Protection 
Follow this and additional works at: https://scholarsmine.mst.edu/icchge 
 Part of the Geotechnical Engineering Commons 
Recommended Citation 
Wang, Zhong-Qi and Deng, Xiang-Iin, "Mechanism of Dynamic Consolidation and Its Environmental Effect" 
(1984). International Conference on Case Histories in Geotechnical Engineering. 32. 
https://scholarsmine.mst.edu/icchge/1icchge/1icchge-theme9/32 
This Article - Conference proceedings is brought to you for free and open access by Scholars' Mine. It has been 
accepted for inclusion in International Conference on Case Histories in Geotechnical Engineering by an authorized 
administrator of Scholars' Mine. This work is protected by U. S. Copyright Law. Unauthorized use including 
reproduction for redistribution requires the permission of the copyright holder. For more information, please 
contact scholarsmine@mst.edu. 
Mechanism of Dynamic Consolidation and Its 
Environmental Effect 
Wang Zhong-qi 
Vice Director & Senior Research Engineer, Comprehensive Institute of Geotechnical Investigation 
and Surveying, Ministry of Urban and Rural Construction and Environmental Protection 
Deng, Xiang-lin 
Research Engineer, Comprehensive Institute of Geotechnical Investigation and Surveying 
SYNOPSIS ~his paper is contributed as case histories in ground soil improvement with particular 
emphasis of dynamic consolidation. The authors try to present as much as they got from the field 
testings and observations including vibrational parameters, pore pressures, stereoscopic photogram-
metry, etc. in order to trace the real behaviour of ground movement during tamping. It is believed 
that all the data got from the field work are rather informative and illustrative than that from 
theoretical modelling in the laboratory. Thus, some highlights relating effective thickness of 
compaction, maximum spacing between compaction points, number of blo~s for optimum tamping and 
seismic attenuation for environmental consideration are given. 
I. BACKGROUND 
Since 1970, dynamic consolidation as developed 
by Louis Menard (l) has been used with increa-
sing interest all over the world. Many expe-
riences in various project show that heavy tam-
ping of this techniaue merits a lot in making 
soil more compacted and the mechanical proper-
ties of the soil to be compacted can be improv-
ed with satisfactory result. 
However, in the popularization of dynamic con-
solidation, theoretical approach to its mech-
anism has remained comparatively less than 
practice. The only remarkable analysis is 
running a dynamic loading test by putting soil 
sample in a consolidation apparatus in the 
laboratory.(2) But very few work has been done 
so far regarding the actual behavior of ground 
soil at the compaction point and in its vici-
nity during temping. From practical point of 
view, field observations of the real behavior 
of soil may be much meaningful because the 
design of dynamic consolidation process is 
necessarily based on these information. So the 
design of dynamic consolidation as an engineer-
ing practice has to make up necessary criteria 
such as spacing of tamping point, effective 
depth of compaction to be expected and number 
of tamping blow necessary to achieve optimum 
compaction, etc. 
In view of the above mentioned situation, the 
authors have been involved in the mechanism 
analysis highlighted by field observations and 
instrumentations in many projects. To this 
ends, various kinds of soils on different sites 
of project were tested as prototypes. Further, 
vibration propagation to adjacent surface 
structures due to heavy tamping may be destruc-
tive as an environmental hazard. So the desig-
ners have to keep the compaction point certain 
distance away from structures concerned. 
In this paper, these headlines mentioned above 
will be introduced and discussed in the sense 
1459 
of designing dynamic consolidation for a pro-
ject. 
II. OVERVIEW OF SOIL CONDITIONS AND FIELD 
INSTRUMENTATIONS 
1. Ground Soil conditions 
Different sites in Beijing, Hebei, Shandong 
provinces, China, embedded with different sub-
soil strata were chosen to carry out the tam~­
ing test and relevant observations. In general, 
three categories of subsoil formations were en-
countered. For analytical consideration, A 
general profile of ground soil on a site in the 
south of Beijing is shown in Fig.2.1 for ex-
ample. 
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Fig. 2 ·1 Soil lop cofJ1lllclCd in Beijirw 
2. Field Instrumentation and Observation 
Observations were made in four major aspects: 
(1) Tracing the moving behaviors of ground soil 
directly underneath the falling weight and 
that in the vicinity during tamping. 
(2) Monitoring the movement of vibration of 
different depth and distances away from the 
tamping point indicating the intensity and 
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attenuation of vibration of soil particles 
at certain points in order to: 
(a) Verifying the effective depth of com-
paction. 
(b) Determining number of tamping blows 
necessary for getting appropriate 
compaction. 
(c) Determining spacing of compaction 
noints for an appropriate covering over 
the whole area to be improved. 
(3) Monitoring pore pressure evolution and dis-
sipation as a guide to evaluating sequence 
and extent of consolidation of saturated 
soils to be compacted. 
(4) As an environmental protection measure, 
observations were made on the existing 
structures under seismic induction. 
In carrying out these observations, the follow-
ing instrumentations were undertaken: 
Markers were put in cross lines across the cen-
tre of tamping area corresponding to the fall-
ing weight (Fig.2.2) to show the horizontal and 
vertical movement of ground surface. 
Flij.;t·2 Ground soil to be compacted with m».rk.ers sho""'·inl 
overall deformations with U M K 10 1 13 I !I surveyina .sy.slcm 
For obtaining a stereo view of the whole defor-
mation of soil mass, we apnly photogrammetric 
technique by using Universal Surveying Camera 
(UMKl0/1318) in addition to direct measurement, 
taking successive snapshot, we got a series of 
pictures showing continuous deformation of 
ground surface round the print as shown gra-
phically in Fig.2.3. It should be noted that 
different types of soil stratum gave different 
responses of deformation. 
Meanwhile, vertical strips in white were put 
directly underneath to trace resultant move-
ments in the elevations as shown in Fig.2.4. 
For measuring vibration, acceleropickups were 
installed at definite intervals on the profile. 
To verify the extent of liauefied soil layer 
caused by compaction and consolidation as a 
subsequence of tamping, pore pressure varia-
tions were measured around the compaction 
point by means of piezometers and transducers. 
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III. ACTUAL BEHAVIOR OF GROUND SOIL UNDER 
DYNAMIC CONSOLIDATION 
Dynamic consolidation is substantially a heavy 
impact exerted on the ground surface. Subse-
quently a very complicated series of wave res-
nonses wLll be excited in different manners as 
follows: 
1. A series of compression-dilatational waves 
with a comparatively high velocity spread 
radially from the tamping point causing a 
push-pull displacement of the soil and re-
sulting in an increase of pore pressure. 
2. A series of shear wave with lower velocity 
but larger amplitude travel radially but 
causing soil particles shifted tan~entially 
and as a result to form a closer and denser 
skeleton of the soil. 
3. A series of surface Rayleigh wave with a 
distortional behavior spread out along the 
ground surface. Its transverse and longi-
tudinal comnonents with much lareer ampli-
tude and ve~tically backward moving tr~ce of 
soil particles may cause surface materials 
to move up forming ground heaving within 
limited distance. 
Based on the field observations, we have ~ot 
close approximations to the real behaviors of 
soil under dynamic consolidations. 'T'hese will 
be discussed in the follow_ing: 
A. Disulacement 
Fig.3.l shows the vertical disnlacement of 
gr6und soil underneath the tam;ing print. 
Evidence shows that Rayleigh waves played an 
important part in the displacement versus 
depth, So far as the horizontal locus of the 
movement of soil particle is concerned, it 
appears to be a closed polygon showing soil 
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particle swaying to and fro in a period of about 





Fig.3.2 Horizontal displacement of ground soil 
round the tamping print (No. showing No. of 
tamping blows) 
t is known from the theory of elastic wave rna-
ion in an elastic half-space that within a 
ery limited region near its boundary surface, 
he wave movement is basically dominated by 
ayleigh wave which has horizontal and vertical 
omponents of displacement as follows: 














......... (3. 2) 
here, N=~ 
L 
L wave length 
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q=v 2 N2 - --'!l..:_ 
V2 p 
ro circular frequency 
v. P-wave velocity 
v, s-wave velocity 
As it is the common case that =0.25-0.5, W(Z) 
with respect to the amplitude versus non-dimen-
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Fig. 3 ·3 Vertical and horizontal componenl.< 
of Rayleigh wave ver_•w.s 
non-dimensional depth 
By both measuring actual displacements and cal-
culating Rayleigh wave length ~ith known Pois-
son's ratio, we got the real displacements 
curves which look like the theoretical ones as 
shown in Fig.3.1 and 3.3. It can be noted that 
surface layer plays an important role in deter-
mining either the shape or the coordinates of 
these curves on the graph. 
B. Acceleration 
Acceleration means force for a specified mass 
in the sense of Newton's second law. So by 
measuring acceleration, we can evaluate the 
dynamic force attenuation w:th depth. Fortu-




',' .. , 
~-"'------------ ~ to 100 X(m.} 
Moreover, very interesting phenomenon is that 
the horizontal acceleration measured on ground 
surface at different place away from the tamp-
ing noint has similar attenuation tendency 
(Fig.3.5) as the vertical ones which has a 
logarithmic functional attenuation character.C3) 
Generally it has the form as 
A = ax-b ...................... (3.3) 
max 
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where a=20 36, b=l.46 1.77, 
~his means the maximum amplitude of acceleration 
varies inversely with horizontal distance by 
the rule of exponential functions. 
c. Dynamic Pore Pressure Evolution and Dissipa-
tion 
We concerned pore pressure changes in saturated 
low plastic soils under dynamic consolidation 
because it must be an evidence showing where 
consolidation occurs. Hence, it may be also an 
evidence showing the relation between the effect 
number of tamping blows and effectiveness (or 
degree) of consolidation. 
As liquefaction is defined by dynamic triaxial 
test as the pore pressure approaches and equals 
to the confined pressure in the cell, we here-
with define the liquefaction due dynamic con-
solidation in the ground soil as the dynamic 
pore nressure at a certain depth exceed the 
lateral pressure of the soil. It should be 
noted that.thus defined liquefaction means the 
effective zon~ of dynamic consolidation can be 
expected. So we can make out the extent of 
soil effectively compacted by dynamic consoli-
dation. 
IV. CONSEQUENT ANALYSIS 
Conclusions can be drawn from field work and 
ap~arent mechanism analysis in the following: 
1. Determination of Effective Depth of 
Compaction 
Menard in his early work gave the first appro-
ximation of the thickness of soil layer to be 
compacted is 
Z<v'MH •.•••••..••••••• (4.1) 
where H is free fall distance. 
~his criteria i8 sometimes taken simply as 
z,.,v-MH • · • · •.••... . • • . • ( ~. 2) 
But by our experiences in Chinese engineering 
practice, including our field observations and 
instrumentations, associated with theoretical 
analysis, we found that Z must be much smaller 
for effecti~e compaction. 
By the law of conservation of energy, we know 
that the energy E of impact due to falling 
weipht must be equal to the total energy densi-
ty of the waved soil mass within the effective 
denth of compection. 
For the energy density, we assume the dynamic 
energy of a unit volume (v
0
) at a certain depth 
(Z) in the soil is: 
dEd=-tdm. v; ............. (~.3) 
and dm = pdv0 , where dm is the mass of that unit 
volume of soil. If wave is simple harmonic, 
then its shear velocity is 
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V, =d[AcOS(J)(t- ~.) ]jdt , •• , ,,, • , , , , • , , •• (4.4) 
where A is the amplitude of the wave. 
;. dEd=-tpdvoA2 Cil 2 sin2 Cil(t-{-t ••••••••• (4.5) 
This would be equal to the elastic potential 
energy due elastic deformation during vibration 
of the same unit. Thus -
dEs = dEd . . . . . . . . . . . . • . . . . . . . . . . . . . . . ( 4. 6) 
~he mean value of sin 2 co( t-~ V, is 1/2. 
the total mean energy density will be 
Then 
6.E=-tpA2 Cil 2 ••••••••••••••••••••• (4."7) 
By observing the whole volume of soil mass being 
compacted, the total mean energy may be assumed 
as an elliptical sphere with axes x, y, z which 
means the longer axis goes vertically. In case 
of plane axial symmetry and· by the actual con-





F ig. -t • I Dis placement contour li nc!\ 
showing the volumetric extent 
of compacted s oi 1 
we may take the approxi·T.ation that x=y=l/2z and 
the total energy of the waving soil mass of an 
elliptical sphere within the effective depth 
will be 
Em = 7 A2 co2 Z', • • • • • • • • • • • • • . ( 4. 8) 
The total Bnergy exerted by falling weight is 
Ef = WH ••••••••••••••••••••••••••••• (4.9) 
Thus equate equations 4.8 and 4.9 we get the 
real effective depth of compaction for a single 
impact of tamping to a homogeneous layer: 
(4.10) 
In our cases, for instance, WH = 200t-m, sandy 
clay, p = 0.179 t sec 2;m4 , A = lScm (taking 
· max 
as an average of the pseudo-elastic deforma-
tion of the first four tampings in Fig.2.4), 
co =19.2/sec, then by equation (4.10) we get 
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Z ~ ~.5 m. This means the denser the material 
the deeper the depth to be compacted and vice 
versa. So there is no definite correlations 
between Z and WH. Relating Fig.3.1 and 4.1, it 
is obviously demonstrated that both disnlace-
ment and acceleration decrease with depth and 
diminish to very small fractions, say, 5% of 
their upper most values at such a critical 
depth. 
From another point of view, we check the soil 
parameters before and after dynamic consolida-
tion by running insitu testings. Fig.4.2 gives 
their results of f:s' qc , V s ·and G (shear modu-
lus) variation versus depth. They are in very 
good agreement with both the theoretical asse-
ssment (Ea.4.10) and practical measurement 
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Fig. 4 • 2 Parameters r, • v, and G measured before and 
after compaction showing its effective depch 
2. Induced Liquefaction and Its Extent in 
the Ground. 
~amping induced liquefaction is the cause of 
dynamic consolidation of saturated soil. So, 
knowing the evolution of pore water pressure 
and making it in contrast to its lateral con-
fining pressure, we can find out the volumetric 
extent of liauefaction which will reflect the 
effective scoue of compaction. 
By installing pore pressure transducers in 
different depth, we got the maximum dynamic 
nore pressure at each depth. So there is a 
critical elevation above which liquefaction 
occurs, but below which soil will remain its 
original state, hence less improvement can be 
seen with regard to dynamic consolidation. 
From Fig.3.6 we got the ground acceleration due 
to tamping versus its distance away from the 
compaction noint. Their correlation is given 
by equation 3.3. Then, we know that liquefac-
tion may occur on the ground surface some dis-
tance (X) away from that point where seismic 
force due to compaction must be greater than 
the shear resistance at the same point. 
Fig.4.3 gives pore pressure variations relat-
ing number of tamping blows at different levels 
inside and outside of the tamping print. It 
shows that peak·values of pore pressure do 
exist and after the peak, soil tends to dilate. 
Hence thorough liquefaction towards denser 
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state only takes place under limited number of 
tamping blows, say, three to five blows in our 
cases. This shall be discussed further in the 
following. 
Fi~.4.4 gives the pore pressure ratio (Rp) at 
different points round the tamping print show-
ing the scope of liquefactions due to dynamic 
consolidation can be specified with the boun-
dary where Rp=l. From this point of view, we 
may define the reasonable clearance between 
compaction points is about two times the width 
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Fig. 4 · 4 Scope of liquefaction due to dynamic 
consolidation verified by Rp = l 
3. Effective Number of Blows of Tamping 
Field practice of dynamic consolidation shows 
that number of blows of tamping is not neces-
sarily proportional to the degree of compac~ion. 
Fig.4.5 appears an optimum volumetric deforma-
tion of soils often occurring within five blows 
of tamping. Another evidence already shown in 
Fig.4.3 that the maximum pore pressure exerted 
do not relate to the first blow of tamping but 
often occurs round the fourth blow. This may 
suggest for cohesive soils, particles may be 
compacted to a denser state gradually by rear-
ranging their structure which takes only few 
times of tamping. 
4. Environmental Effect 
From civil engineering point of view, people, 
usually concern a great deal of the seismic 
effect on the existing structures nearby the 
dynamic consolidation point. This is also the 
major topic we are dealing with in this paper. 
According to our experience in China and with 
the backgro.und of Chinese 11Machine Foundation 
Design Codeu (4), it is suggested to limit the 
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maximum acceleration amax excited on foundation 
due to hammering should be as follows: 
for foundation on loose sand a max < 0 .lg 




H caved Volume 
2 4 s n 
Fig. 4·5 Volumetric deformations of 
soils shows: optimum number of 
tamping blows often less than five 
Referring to the acceleration attenuation along 
with distances away from the compaction point 
as shown in Fig.3.5, we can define the safe 
minimum horizontal distance from the point of 
dynamic consolidation of WH = 200t-m should be 
no less than 17m. 
Alternatively, by examining the maximum dis-
placement of particle vibration, we got similar 
rule as shown in Fig.4.6. Referring to Richart 
et al. (5) we got a critical displacement for 
low freauency vibration (say f is within tenths 
level) is about one tenth of an inch. Then the 
minimum distance of s~fety xs from the compac-
tion uoint is as follows: 
for cohesive soil, xs > 25 m (A 0.05mm) 









~· f, I • \ : 
~y 
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Fia. -l· 6 Max. displlcememt or vibration versus horizoral dislance 
from .,..pilw point 
In case of very compact site in scope, dynamic 
tamping may result unavoidably influences on the 
adjacent structures, then isolation trench may 
help to diminish harmful vibrations. To verify 
this effect, we ran real observations on that 
site by digging trenches about two meters deep 
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and less than one meter wide. It appeared that 
seismic responses on both sides of the trench 
differ with a clearly decreasing rate along 
with the distance from the compaction point as 
shown in Fig.4.7. Thus we can draw conclusion 
that isolation trench is more effective in 
decreasing vibrational amplitudes to a consider-
able degree under dynamic consolidations. 
0.2 
Schcnuotu: h•)"'-'' ,>f un'f''"" l"•~,~~~~~ a.ou .. lu,.,.,, 






Fig. 4. 7 Seismic resp:mse on both sides of an isolating trench differ clearly 
V. CONCLUSIONS 
For designing dynamic consolidation with an 
appropriate compaction effect, the following 
criteria are sup:gested with the background of 
the field work given in this paper. 
1. Evaluation of effective depth of compaction 
can be modified analytically instead of pure 
empirical estimation. In applying equation 
(4.10), a trial of tamping for measuring Amax 
is suggested when possible. This modification 
was verified and supported by a series of in-
situ testings. 
2. For saturated soils effective (minimum) 
spacing between compaction points is about two 
times the width of the falling weight. This 
may also be true with unsaturated soils. 
3. The appropriate number of tamping blows is 
often limited and no more than five. More blows 
may be of no use and even harmful in our cases. 
4. For environmental consideration of existing 
ground structures, a safe distance of no less 
than 17 m (relating to acceleration response) 
or 25 - 30 m (relating to displacement ampli-
tude) is warranted. As a damping measure, iso-
lation trench was proved to be more effective. 
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